The paper presents the application of the hydrodynamic 1D unsteady model for calculating hydro-ecological flood characteristics in the Lower Biebrza River Basin located in northeastern Poland. The 1D model is combined with the Digital Elevation Model for determining of flood extent. The model was calibrated using measurements of flood extent and verified comparing calculated flood extent to satellite images. Consequently, the flood characteristics important for plant communities of the riparian wetland were calculated for vegetation season (FebruarySeptember) daily time series . Then, their relations to particular generalized groups of vegetation were analyzed. The results show a significant congruity between the type of vegetation and calculated flood characteristics. The hydrodynamic model was confirmed to be a useful tool for calculating flood characteristics.
INTRODUCTION
The hydrodynamic model coupled with GIS was applied to calculate flood characteristics in the Lower Biebrza River Basin. The Lower Biebrza Basin (ca. 300 km 2 ) covers the southern part of the Biebrza River Valley (northeastern Poland). The flood phenomenon occurs regularly there after the spring thaw, and is noted as an important factor that influences the development of fluviogenic ecosystems (Okruszko 1990) . The main problem discussed in this paper is the evaluation of a tool to calculate quantifiable flood characteristics, which consequently can be used to explain trends and other changes in flooding and their influence on riparian ecosystems. A properly calibrated hydrodynamic model seems to be the most appropriate tool for calculating these types of characteristics for the whole floodplain.
MATERIALS AND METHODS
Unsteady flow in natural rivers is usually treated as a one-dimensional flow in practice and is based on St Venant equations (Liggett and Cunge 1975) . In order to simulate flood flow in the lower Biebrza Basin, the one-dimensional unsteady model flow RIVER-SV was applied . This model can used as a simplified description of flow resistance expressed by the spatially differentiated Manning's coefficient or the Darcy-Weisbach relationship with the introduction of a water mass and momentum exchange process between the main channel and the floodplains and parts of a cross section covered with vegetation and those with no vegetation (Mirosław-Światek et al. 2006) . In this simulation the friction factors are described by the spatially differentiated Manning's coefficients (Chromanski et al. 2004) . Field monitoring in the Lower Biebrza Basin proves that during flood periods, the river valley consists of parts which mainly act as storage for flood water and of active flow areas . The 1D model is capable of describing flood conditions using the appropriate geometry of crosssections, which are limited to the flow active zones. In the model developed, the particular areas for each cross-section were identified according to a vegetation map and topography determined with the Digital Elevation Model (DEM) , Szporak et al. 2008 . The DEM of the Lower Basin was elaborated with ArcGIS® as a raster representation of the floodplain morphology and validated with a survey (Chormański 2003) .
In order to objectively evaluate model performance, the most commonly employed error measure, such as the root mean square error (RMSE), was computed for calculated and observed discharge hydrographs at downstream cross-sections in spring 1999. The water level values calculated with the numerical model of flood-flow for cross-sections were next used to determine the digital model of the floodwater table in the valley. Then, inundation extent maps and water depth maps were calculated for whole area of the valley by overlaying the DEM and water table layers. This procedure, flood simulations with the hydrodynamic model and GIS analysis for determinations of inundation extent, was repeated for each day of the vegetation season (February-September) from 1961 until 1996. Based on calculated daily inundation maps, the flood statistics were calculated as follows:
long-term annual mean inundation extent map; long-term annual maximum mean inundation extent map; long-term annual mean flood frequency map.
Finally, the spatial relation between the flood statistic maps and the vegetation maps was analyzed in ArcGIS using Cross-Tabulation and Zonal Statistic functions. A map of plant communities of the Biebrza National Park elaborated by Matuszkiewicz (2000) was used as a reference. This map was created based on air-photos and field measurements and next generalized into river flood frequency dependent zones. Table 1 presents the results of calculations with the model. The total calculated area of inundation for annual mean hydrological conditions is 68 sq km. This explains the magnitude of the typical extent of inundation. The water depth in the valley is mostly less than 0.5 m (more than 98% of the inundation) and is regularly distributed in three water depth classes mentioned in Table 1 as less than 0.05 m, between 0.05 -0.15 m, and between 0.15 -0.50 m. Extreme water conditions calculated as the mean of yearly maximum stages is presented in the next column of this table. The total inundation extent is twice higher than in the previous one, and is 116 sq km. About 66% of the total inundated area had water depth of less than 0.5 m and 27% of area had water in the range of 0.5 -1 m ( Table 1 ). The inundation frequency explains the average duration of the flood, by the number of days with inundation during the vegetation season per year. This is expressed in percentage ratio of the total of 8 months, e.g. a class from 80 to 100 means from 194 to 242 days, class 50 -80 means from 121 to 194 days, etc. This phenomena is also presented on a map (Figure 1 ). The domination of classes 0-20 and 20-50, which are almost equal and cover about 45% each is clear. About 10% covers the class 50-80 while class 80-100 covers insignificant part of the inundated area (0.5%) ( Table 1) .
RESULTS
The flood statistic maps were compared by overlying them on a map of the plant communities (Fig. 1) . The map was generalized into river flood frequency dependent zones. Three of zones were described as frequently flooded, namely: reeds typha manna grass, tall sedges, and sedge mire communities -long flood period ( Table 2 ). The long-term annual mean water depths were 0.17, 0.15, and 0.10, respectively, for these classes (Table 1) . Long-term annual maximum mean water depths were 0.65, 0.60, and 0.43, respectively, for the classes mentioned above. About 60% of area of both zones, Reeds typha manna grass and tall sedges, is located in the inundation frequency zone of 20-50%. It is worth noting that about 20% of these zone areas belong to the frequency zone of 50-80%. Generally, these classes were found inside the deep, long inundation duration zone. The third class, sedge mire communities -long flood period, was found in the inundation zone with deep water but a shorter inundation period (Table 2) . Other plant community zones distinguished by Matuszkiewicz (2000) were described as not so strongly flood dependent, namely: Sedge mire communitiesperiodically flooded; Sedge moss communities -rarely flooded; Sedge moss communities -never flooded; and Wet meadows and pastures. Long-term annual mean water depths calculated for these classes prove that flooding is not a significant factor in the development of these communities. These zones are in about 80% of the total area located inside of the 0-20 inundation frequency zone, which means that inundation lasts there only for a few days (Table 2) . These plant communities were never flooded for a long time, and they have never been inside the 80-100 zone.
DISCUSSION
Water is a one of the most important conditions that determines the status of wetland ecosystems, while flooding determines living conditions of fluviogenous ecosystems (Junk et al. 1989 , Okruszko T. 2005 . The modeling work performed for the Biebrza Valley shows there are strong relationships between inundation frequency maps and different water dependence classes of Table 2 Long-term average flood characteristics by different vegetation types (Matuszkiewicz 2000) ecosystems. The relation between long-term flooding and the actual plant communities distribution has already been described for the Biebrza Valley by Okruszko H. (1990) . Okruszko T. et al. (2004) studied this problem in the Biebrza Lower Basin, and based on detailed research on one cross-section, noted a strong relationship between vegetation zones and water level. The inundation frequency maps calculated also prove this general statement. Chormański (2003) and Wassen et al. (2006) described significant relationships between plant communities and the extent of one average flood observed in spring 1999. It follows that the vegetation map can be considered as verification of long-term water conditions. According to the works of Oświt (1991 ), Hoojer (1996 , and Kubrak et al. (2005) the most important flood characteristics for riparian wetland plant communities are: inundation extent, depth and duration of flood, which are the same as those selected by the current authors. The results obtained during the current study also proves that these flood characteristics calculated for long-term discharge are very important for ecosystem development. This means that the model could also be used as a tool for the study of relationships between flood and riparian ecosystems including the simulation of flood conditions for any other floodplain, and the prediction of the ecosystem changes due to climate change.
CONCLUSIONS
Analyzing flood characteristics and plant communities together shows a satisfactory spatial relation between water zones and vegetation types. As such, it can be concluded that a properly calibrated hydrodynamic model of river flow in the river channel and on the floodplain was positively verified as an appropriate tool for flood characteristics calculation.
The model that was verified based on historical data could be used for simulating the influence of long term climate changes on riparian ecosystems, which is reflected by decreasing water levels and flood duration as a consequence increasing temperature and decreasing snow cover depth. The model can answer questions on how the ecosystem would change with a different scenario of climate change.
The quality of the results calculated with the model of frequency, flood duration, and water depth are strongly dependent on the quality of water level calculations and the quality of the DEM. In future model development, the new procedure would be elaborated, which will allow for the assimilation of the observed water levels for improving the simulated water levels throughout the floodplain. The calculated flood characteristics of the frequency of the food and flood duration could be used for projects that focus on the re-naturalization of river valleys with anthropogenic changes, for which the Lower Biebrza Basin would be treated as a reference area.
